Introduction
============

Cervical cancer of the uterus remains one of the major causes of cancer-related death in women worldwide. The global cervical cancer incidence has increased 0.6% annually from 1980 to 2010, and the disease resulted in the death of \~200,000 women in 2010 in developing countries ([@b1-or-34-05-2282]). Despite the comparatively favorable survival for early-stage patients, numerous patients develop localized recurrence or distant metastases after initial treatment. As the potential targets for diagnosis and treatment of the cancer, molecules involved in cancer development, metastasis and outcome should be identified and functionally characterized.

Cluster of differentiation (CD) 24 is a small, heavily glycosylated mucin-like cell surface protein (27 amino acids in length) that binds to the membrane via a glycosylphosphatidylinositol anchor ([@b2-or-34-05-2282]). Under physiological conditions, CD24 was initially identified as a B cell marker ([@b3-or-34-05-2282]). Later, it was found to be expressed not only in developing or regenerating tissue, but also in granulocytes, pre-B cells, keratinocytes and renal tubules ([@b4-or-34-05-2282]). CD24 has also been reported to be a ligand for P-selectin, an adhesion receptor on activated endothelial cells and platelets ([@b5-or-34-05-2282],[@b6-or-34-05-2282]), thus suggesting that the molecule functionally enhances the metastatic potential of cancer cells. Under pathological conditions, CD24 plays an important role in the carcinogenesis of various human malignancies. Its expression has been detected not only in hematologic malignancies ([@b7-or-34-05-2282]), but also in various solid tumors, including retinoblastoma, glioma, laryngeal squamous cell and nasopharyngeal carcinoma, small cell lung and breast cancer, renal cell, hepatocellular and gallbladder carcinoma, pancreatic adenocarcinoma, colorectal and epithelial ovarian cancer, and bladder carcinoma ([@b8-or-34-05-2282]--[@b14-or-34-05-2282]). These studies demonstrated that CD24 overexpression was markedly associated with a more aggressive course of the disease. However, the correlation of CD24 expression with uterine cervical cancer, the underlying mechanisms and its prognostic significance still remain unknown.

The present study was performed to evaluate the expression of CD24 clinicopathologically and to biologically analyze its functional behavior in uterine cervical cancer.

Materials and methods
=====================

Patients and tissue samples
---------------------------

The present study included 117 patients with stage Ib-IIb cervical cancer who were treated at the Osaka Medical College between 2002 and 2012. Patients were eligible for inclusion in the present study when they met the following criteria: i) they had undergone radical or modified radical hysterectomy and pelvic lymphadenectomy as an initial treatment; and ii) they had sufficient clinical data regarding the oncologic outcome including the date of recurrence. All patients were staged according to the International Federation of Gynecology and Obstetrics (FIGO) criteria. The histological subtype was assigned according to the criteria of the World Health Organization classification. The patients with FIGO stage IB and lymph node metastasis or lymphovascular space involvement, or deep half cervical stromal invasion, and all patients with FIGO stage II received postoperative adjuvant therapy involving entire pelvic irradiation and/or chemotherapy. Patients receiving primary radiotherapy/concurrent chemoradiation therapy without surgery or receiving any preoperative treatment were excluded from the present study. The Institutional Review Board approved the present study and informed consent was obtained from all patients for the use of their tissue samples.

Immunohistochemistry
--------------------

Specimens were fixed in 10% formalin and embedded in paraffin. Serial sections were cut from paraffin-embedded blocks and were used for routine histopathology. A 4-*µ*m section was cut from a tissue microarray block and immunohistochemically analyzed for the expression of CD24. Deparaffinized and rehydrated sections (4-*µ*m) were autoclaved in 0.01 M citrate buffer (pH 6.0) for 15 min at 121°C for antigen retrieval. The endogenous peroxidase activity was blocked with 0.3% solution hydrogen peroxide in methanol for 30 min. Tumor sections were incubated at 4°C for 12 h with the CD24-specific antibodies (clone SN3b; 1:50 dilution; Thermo Fisher Scientific, Waltham, MA, USA). The sections were washed with 1X phosphate-buffered saline (PBS) and incubated with Histofine Simple Stain MAX-PO (Multi; Nichirei) for 30 min at room temperature. Finally, the sections were washed with 1X PBS and then were visualized by incubation with H~2~O~2~/diaminobenzidine substrate solution for 5 min. The sections were counterstained with hematoxylin prior to dehydration and mounting. The evaluation of the immunohistochemical data was performed by two independent pathologists who were blinded to the clinicopathological data. The expression of CD24 was assessed using a semi-quantitative system that was defined as described by Blechschmidt *et al* ([@b15-or-34-05-2282]). Briefly, CD24 expression was scored as: 0 (no stain), 1+ (weak immunoreactivity in \>10% of tumor cells), 2+ (moderate immunoreactivity of \>10% of tumor cells), and 3+ (strong immunoreactivity of \>10% of tumor cells). These data were summarized into two groups; low CD24 expression (0, 1+, and 2+) and high CD24 expression (3+). Scoring was performed three times per slide for three distinct fields, and the three scores were then averaged.

Cell culture
------------

The human cervical cancer CaSki cell line was obtained from the American Type Culture Collection (ATCC; Rockville, MD, USA) and grown in phenol red-free Dulbecco\'s modified Eagle\'s medium (DMEM) (Gibco) containing 10% dextran-coated, charcoal-treated fetal calf serum, 100 U/ml penicillin and 100 *µ*g/ml streptomycin in a humidified atmosphere of 5% CO~2~ with 95% air at 37°C.

Expression plasmids and cDNA transfection
-----------------------------------------

To create the pcDNA3.1-CD24 expression construct, the cDNA of the full length CD24 was amplified by PCR using a human mammary gland cDNA library as the template. For the transfection of each sample, oligomer-Lipofectamine Plus complexes were prepared as follows: 100 pmol of cDNA oligomer were diluted in 250 *µ*l of Opti-MEM (Invitrogen). The Lipofectamine Plus was mixed gently before use, and then a 5 *µ*l aliquot was diluted in 250 *µ*l of Opti-MEM, were gently mixed and were incubated for 5 min at room temperature. After the 5 min incubation, the diluted oligomer was combined with the diluted Lipofectamine Plus, mixed gently and incubated for another 20 min at room temperature. The oligomer-Lipofectamine Plus complexes were added to each well containing cells and medium and mixed gently by rocking the plate back and forth. The cells were incubated at 37°C in a CO~2~ incubator for 24 h, and then the cells were prepared for each assay.

RNA extraction and semi-quantitative reverse transcription-polymerase chain reaction (RT-PCR)
---------------------------------------------------------------------------------------------

We isolated total RNA from 1×10^6^ transfected CaSki cells using a commercially available kit (Qiagen). We exposed the RNA samples to DNase digestion before the cDNA synthesis. For gene-specific PCR, 1 *µ*l of first-strand cDNA product was amplified with Platinum *Taq* Polymerase (Invitrogen) according to the manufacturer\'s instructions. We designed primers specific for CD24 (forward, 5′-ACCCACGCAGATTTATTCCA-3′ and reverse, 5′-ACCACGAAGAGACTGGCTGT-3′); for Snail (forward, 5′-GCCTTCAACTGCAAATACTGC-3′ and reverse, 5′-CTTCTTGACATCTGAGTGGGTC-3′); for Slug (forward, 5′-AGCTACCCAATGGCCTCTCT-3′ and reverse, 5′-CCAGCCCAGAAAAAGTTGAA-3′); and for β-actin (forward, 5′-TGAGCGCGGC TACAGCTT-3′ and reverse, 5′-TCCTTAATGTCACGCACGA TTT-3′) and performed a 27-cycle, three-step PCR (denaturation at 94°C for 30 sec, annealing at 54°C for 30 sec, extension at 72°C for 30 sec) with an initial temperature of 94°C for 3 min.

Western blot analysis
---------------------

After transfection, cells were washed twice with ice-cold PBS, lysed and separated to cytoplasmic and nuclear fractions using the Nuclear Extract kit according to the manufacturer\'s instructions (Active Motif, Carlsbad, CA, USA). To detect Akt, phosphorylated Akt, ERK, phosphorylated ERK, NF-κB, phosphorylated NF-κB and MMP-9 proteins we separated these by SDS polyacrylamide gel electrophoresis and electrotransferred to nitrocellulose membranes and transferred proteins to a membrane. Western blot analyses were performed with various specific primary antibodies including Akt (9272), phospho-Akt (Ser473; 9271), NF-κB (3034), phospho-NF-κB (Ser536; 3033), p44/42 MAP kinase (Erk; 4695), phospho-p44/42 MAP kinase (p-Erk; 9101), MMP-9 (2270), β-actin (4970), E-cadherin (3195) (all from Cell Signaling, Danvers, MA, USA) and N-Cadherin (ab18203; Abcam, Cambridge, MA, USA). The immunoreactive bands in the immunoblots were visualized with horseradish peroxidase-coupled goat anti-rabbit immunoglobulin using an enhanced chemiluminescence western blotting system (ECL Plus; GE Healthcare Life Sciences, Pittsburgh, PA, USA). Non-specific antigen sites were blocked with 10% bovine serum albumin in 1X Tris-buffered saline.

Migration and invasion assays
-----------------------------

We examined the effects of CD24 on the invasive potential of CaSki cells by an invasion assay. CaSki cells (5×10^5^ cells) were cultured at 37°C in a humidified, 5% CO~2~ atmosphere incubator in serum-free DMEM for 24 h, seeded into the upper wells and coated with a thin layer of Matrigel. The lower chamber contained 600 *µ*l of DMEM. Following a 24-h incubation at 37°C, non-invading cells on the surface of the Matrigel-coated membrane were removed by scraping with a cotton swab. The cells that migrated through the Matrigel were stained with hematoxylin. Following several washes with PBS, the stained cells were manually counted for three independent experiments. Each point represents the mean ± SD of four replicates.

Statistical analysis
--------------------

Statistical analyses in the present study were performed with the JMP statistical software package (version. 9.0.2). Fisher\'s exact probability test was used for evaluating correlations between the immunohistochemical and clinical data. The end points investigated were the progression-free (PFS) and overall survival (OS) rates, respectively). The PFS was defined as the time from the first day of treatment until either death from any cause or disease progression. OS was defined as the time from the first day of treatment to death from any cause. Univariate analyses of the PFS and OS were determined with the Kaplan-Meier method using a log-rank test. The Mann-Whitney U test was used for the comparison of continuous variables. The continuous variables ae expressed as the means ± SD by an analysis of the variance (ANOVA) when the variance of the samples showed a normal standard distribution. They were expressed as the median with interquartile ranges when the variance did not show a normal standard distribution. Statistical significance was considered to be present at p-values of \<0.05.

Results
=======

Clinicopathological characteristics
-----------------------------------

A total of 117 patients with uterine cervical cancer were enrolled in the present study. [Table I](#tI-or-34-05-2282){ref-type="table"} shows the characteristics of the patients. The mean (± SD) age of the patients was 51.0±11.5 years. Eighty-nine (76.1%) patients were of FIGO stage Ib and 28 (23.9%) were stage II. Histologically, 76 (68.1%) patients had squamous cell carcinoma and 41 (31.9%) patients had adenocarcinoma. Twenty-two (18.8%) patients had lymph node metastasis and 38 (32.5%) had lymphovascular involvement. Cervical cancer recurrence developed in 19 (16.2%) of the 117 patients. The median follow-up was 41.5±27.3 months. CD24 was mainly localized in the cytoplasm and on the membranes of tumor cells ([Fig. 1](#f1-or-34-05-2282){ref-type="fig"}). A high CD24 expression was observed in the tumors from 26 (22.2%) patients. The staining pattern \[low (negative, weak or moderate) or high (strong)\] is shown in [Fig. 1](#f1-or-34-05-2282){ref-type="fig"}.

Association of CD24 expression with clinicopathological parameters of cervical cancer
-------------------------------------------------------------------------------------

Immunohistochemically, 28 (23.9%) patients had tumors with high CD24 expression. Among 91 (77.8%) patients with low CD24 expression tumors, 35 (29.9%) had negative, 30 (25.6%) had weak and 26 (22.2%) had moderate staining. The patients with tumors that expressed high CD24 levels had a higher rate of advanced clinical stage (50 vs. 16.5%, p\<0.01), lymph node metastasis (34.6 vs. 14.3%), lymphovascular involvement (65.4 vs. 20.4%, p=0.01) and recurrence rate of cervical cancer (34.6 vs. 11.0%, p\<0.05) ([Table I](#tI-or-34-05-2282){ref-type="table"}).

Correlation between CD24 expression and prognosis
-------------------------------------------------

The survival rate and disease-free survival rate of the cervical cancer following surgical treatment were analyzed using the Kaplan-Meier method. The median follow-up time for all patients was 41.5±27.3 months. The survival rate was determined from the day of the initial surgery to the time of the death or the last follow-up. The disease-free survival rate was determined from the day of the initial surgery to the time of the detection of cancer recurrence, death or the last follow-up. The 5-year disease-free survival rates of cervical cancer in patients with high and low CD24 expression tumors were 62 and 86%, respectively. The 5-year OS rates of cervical cancer in patients with high and low CD24 expression tumors were 62 and 86%, respectively. The log-rank test analyses revealed a statistically significant difference between the two groups (p\<0.01) ([Fig. 2](#f2-or-34-05-2282){ref-type="fig"}).

CD24 specifically enhances the cell invasion through Matrigel in human squamous cervical cancer cells
-----------------------------------------------------------------------------------------------------

In recent studies, CD24 was shown to play an important role in the development and progression of malignant tumors ([@b16-or-34-05-2282]). We examined whether CD24 regulates invasive activity in uterine cervical cancer. To assess this possibility, we transiently transfected the CD24 gene into a cervical cancer cell line (CaSki cells). The mRNA expression of CD24 in CaSki cells was evaluated by semi-quantitative RT-PCR ([Fig. 3](#f3-or-34-05-2282){ref-type="fig"}). The mRNA expression level of *CD24* in CaSki cells that were transfected with the CD24 gene was found to be upregulated by 2.0-fold when compared to the control group (0.36±0.03 vs. 0.18±0.02; p\<0.05) ([Fig. 3A](#f3-or-34-05-2282){ref-type="fig"}). The sensitivity of the invasive activity of CD24 in the CaSki cells was examined using an invasion assay which monitors cell migration Matrigel. The overexpression of CD24 significantly increased the migration and invasion of CaSki cells by 2.0-fold through the Matrigel (89.2±20.8 vs. 37.1±6.5, p\<0.05) ([Fig. 3B](#f3-or-34-05-2282){ref-type="fig"}).

CD24 signaling enhances Akt and MAPK-ERK1/2 signaling in human squamous cervical cancer cells
---------------------------------------------------------------------------------------------

We established that in CaSki cells, phosphorylation of Akt and MAPK-ERK1/2 were induced by CD24 through western blot analysis. The phosphorylation of Akt was found to be upregulated by 2.1-fold in the overexpression of CD24 group when compared to the control group (1.09±0.10 vs. 0.52±0.05; p\<0.05) ([Fig. 4](#f4-or-34-05-2282){ref-type="fig"}). The phosphorylation of ERK was also found to be upregulated by 2.0-fold in the overexpression of CD24 group compared to be the control group (1.42±0.23 vs. 0.72±0.08; p\<0.05). Next, we examined the phosphorylation of NF-κB and the MMP-9 activity following the overexpression of CD24, as the overexpression of CD24 significantly increased the migration and invasion of CaSki cells through the Matrigel. The phosphorylation of NF-κB was found to be upregulated by 1.8-fold in the overexpression of CD24 in CaSki cells compared to the control group (1.74±0.13 vs. 0.95±0.09; p\<0.05) ([Fig. 4](#f4-or-34-05-2282){ref-type="fig"}). In addition, the activation of MMP-9 was found to be upregulated by 1.8-fold in the overexpression of CD24 group compared to the control group (0.67±0.07 vs. 0.37±0.02; p\<0.05) ([Fig. 4](#f4-or-34-05-2282){ref-type="fig"}).

CD24 associates with epithelial to mesenchymal transition (EMT) signaling via Slug in human squamous cervical cancer cells
--------------------------------------------------------------------------------------------------------------------------

In recent studies, CD24-positive cells were shown to be susceptible to the induction of EMT, a phenotype important for cancer metastasis in ovarian, breast, and pancreas carcinomas ([@b4-or-34-05-2282],[@b17-or-34-05-2282]--[@b20-or-34-05-2282]). We examined whether CD24 regulates the expression of Slug or Snail in uterine cervical cancer. To assess this possibility, we transiently transfected the CD24 gene into a cervical cancer cell line (CaSki cells). The mRNA expression of *Slug* in CaSki cells that were transfected with the CD24 gene was found to be upregulated by 16.5-fold according to semi-quantitative RT-PCR compared to the control group (0.38±0.01 vs. 0.02±0.007; p\<0.05) ([Fig. 5A](#f5-or-34-05-2282){ref-type="fig"}), although the effects on the expression of *Snail* were not significant. Moreover, the expression of E-cadherin in the CD24 overexpression cells was found to be downregulated by 0.2-fold by a western blot analysis compared to the control group (0.28±0.05 vs. 1.47±0.14; p\<0.05), and the expression of N-cadherin in the CD24 overexpression cells was found to be upregulated by 2.0-fold by a western blot analysis compared to the control group (1.37±0.1 vs. 0.71±0.13; p\<0.05) ([Fig. 5B](#f5-or-34-05-2282){ref-type="fig"}).

Discussion
==========

We concluded that the present results indicate that enhanced CD24 expression in cervical cancer was significantly correlated with aggressive clinicopathological features. Furthermore, CD24 overexpression appears to results in an enhanced invasive potential of uterine cervical cancer cells through the activation of both Akt and ERK1/2 signaling cascades. Additionally, we showed that CD24-induced invasive potential correlated with the EMT phenomenon in uterine cervical cancer.

CD24 has been considered to be involved in the process of tumor metastasis and invasion as the ligand of P-selectin and the adhesion receptor in activated endothelial cells and platelets ([@b21-or-34-05-2282]). Many cancer cells can bind to platelets via CD24-mediated binding to P-selectin, which facilitates the exit of cancer cells from the bloodstream and enhance the metastatic potential of cancer cells ([@b22-or-34-05-2282]). CD24 has been identified as a marker of cancer stem cells in various human malignancies, such as pancreatic, breast, colorectal, gastrointestinal tract and liver cancers ([@b23-or-34-05-2282]--[@b26-or-34-05-2282]). Several immunohistochemical studies previously demonstrated that CD24 overexpression is associated with clinicopathological features, such as the pathological grade, lymph node metastasis and subsequent poor prognosis of various types of cancers ([@b11-or-34-05-2282],[@b13-or-34-05-2282],[@b14-or-34-05-2282],[@b27-or-34-05-2282],[@b28-or-34-05-2282]). Furthermore, various studies showed that CD24 overexpression contributes to cell proliferation and invasiveness *in vitro* ([@b11-or-34-05-2282]). In line with these previous studies, our data demonstrated that enhanced CD24 was associated with advanced clinical stage, lymph node metastasis, lympho-vascular involvement and poor prognosis in patients with uterine cervical cancer. Additionally, CD24 overexpression in a cervical cancer cell line (CaSki) led to increased invasiveness. Our data further demonstrated that CD24 contributes to the invasiveness through the phosphorylation of Akt, NF-κB and ERK and the activation of MMP-9.

Conversely, during the progression of epithelial cancer, cells typically lose the characteristic features of epithelial cells and gain a mesenchymal phenotype. EMT has been implicated in the metastasis of primary tumors and provides a molecular mechanism ([@b29-or-34-05-2282]). One of the most well-defined features of EMT is the loss of E-cadherin expression ([@b30-or-34-05-2282]). A group of transcription factors, including Snail and Slug, have been implicated in the control of EMT ([@b31-or-34-05-2282]). Cadherin switch, which indicates a decrease of E-cadherin and increase of N-cadherin, is also essential for increased motility, yet is not always required for the morphological changes that accompany EMT ([@b32-or-34-05-2282]). Previous studies have reported that CD24 promotes cell invasion and induce significant amounts of EMT-associated markers in ovarian and breast cancers ([@b4-or-34-05-2282],[@b21-or-34-05-2282]) In the present study, CD24 overexpression in CaSki cells led to the activation of Slug, a decrease of E-cadherin protein levels and an increase of N-cadherin protein levels; thus, our data suggests that CD24 contributes to EMT through the activation of Slug in uterine cervical cancer, although we could not clarify whether Slug, via CD24, directly regulates the activity of Akt, NF-κB or ERK.

In conclusion, CD24 expression in cervical cancer was significantly correlated with aggressive clinicopathological features. Furthermore, CD24 overexpression led to enhanced invasive potential of uterine cervical cancer cells through the activation of both Akt and ERK1/2 signaling cascades. CD24 overexpression cancer cells additionally had enhanced invasive potential through the activation of both Akt and ERK1/2 signaling cascades and EMT-inducing pathways. CD24 expression may therefore not only be a potential prognostic marker in uterine cervical cancer, but also a target for the development of new therapeutic approaches.

The present study was supported by a JSPS KAKENHI, grant no. 25462621 (to Y.T.).
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![CD24 expression in cervical cancer tissue. Immunohistochemical staining was performed and representative cases, including cases with reduced (negative, weak and moderate) and preserved (strong) expression are shown.](OR-34-05-2282-g00){#f1-or-34-05-2282}

![(A) Disease-free and (B) overall survival curves for two groups defined by reduced and preserved expression of CD24 in patients with cervical cancer. The patients with preserved CD24 expression had significantly worse 5-year disease-free and overall survival rates than those with reduced CD24 staining (both p\<0.01).](OR-34-05-2282-g01){#f2-or-34-05-2282}

![Matrigel invasion assay. (A) The recombinant vector pcDNA6.2/V5-CD24 (pcDNA-CD24) containing CD24 ORF or the empty vector pcDNA6.2/V5 (pcDNA) was transfected into CaSki cells using Lipofectamine 2000. The results showed that CD24 was successfully overexpressed in pcDNA6.2/V5-CD24-transfected cells. (B) CD24-transfected CaSki cells were seeded in a Matrigel-coated upper chamber. Cell invasion through the Matrigel after incubation for 16 h was detected by H&E staining and quantified. Data are expressed as the mean ± SD, n=3 in triplicate. H&E, hematoxylin and eosin.](OR-34-05-2282-g02){#f3-or-34-05-2282}

![Western blot analyses. CD24-transfected CaSki cells showed an increase in the phosphorylation of AkT, ERK and NF-κB and the activation of MMP-9. The differences were statistically significant (p\<0.05).](OR-34-05-2282-g03){#f4-or-34-05-2282}

![Expression of Slug, Snail, E-cadherin and N-cadherin in transfected CaSki cells overexpressing CD24. (A) We observed an increase in Slug mRNA levels in CD24-transfected CaSki cells (p\<0.01), yet the effects on Snail were not significant. (B) CD24-transfected CaSki cells also expressed decreased E-cadherin and increased N-cadherin (p\<0.05).](OR-34-05-2282-g04){#f5-or-34-05-2282}

###### 

Clinicopathological characteristics of the patients with cervical cancer.

  Expression of CD24 protein Factor   Value       Reduced (%)   Preserved (%)   P-value
  ----------------------------------- ----------- ------------- --------------- ---------
  No. of patients                     117         91 (77.8)     26 (22.2)       
  Mean age (years)                    51.0±11.5                                 
  Stage classification                                                          
    Ib                                89 (76.1)   76 (83.5)     13 (50.0)       
    II                                28 (23.9)   15 (16.5)     13 (50.0)       \<0.01
  Histological type                                                             
    Squamous cell carcinoma           76 (68.1)   61 (67.0)     15 (57.7)       
    Adenocarcinoma                    41 (31.9)   30 (33.0)     11 (42.3)       0.5
  Lymph node metastasis                                                         
   Negative                           95 (81.2)   78 (85.7)     17 (65.4)       
   Positive                           22 (18.8)   13 (14.3)     9 (34.6)        0.03
  Lymphovascular involvement                                                    
   Negative                           79 (67.5)   70 (79.6)     9 (34.6)        
   Positive                           38 (32.5)   21 (20.4)     17 (65.4)       \<0.01
  Recurrence                                                                    
   Negative                           98 (83.8)   81 (89.0)     17 (65.5)       
   Positive                           19 (16.2)   10 (11.0)     9 (34.6)        \<0.01
  Mean follow-up (months)             41.5±27.3                                 
